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(54) Nonvolatile semiconductor memory and method for fabricating the same 



(57) In the nonvolatile semiconductor memory in- 
cluding a memory cell array having memory cells ar- 
ranged in a matrix of the present invention, the memory 
cell array includes: a semiconductor substrate; a tunnel 
oxide film formed on the semiconductor substrate; float- 
ing gates formed on the tunnel oxide film; first insulating 
films formed on the floating gates; and control gates 
formed on the first insulating films, wherein each of the 



floating gates includes a first polysilicon film and second 
polysilicon films, the second polysilicon films being 
formed on both sides of the first polysilicon film, second 
insulating films are formed on the tunnel oxide film be- 
tween the first polysilicon films, the second insulating 
films having a predetermined thickness which is thinner 
than that of the first polysilicon films, and the second 
polysilicon films are formed on the second insulating 
films. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

The present invention relates to a nonvolatile sem- 
iconductor memory having floating gates and a method 
for fabricating such a nonvolatile semiconductor mem- 
ory. 

2. Description of the Related Art: 

A method for fabricating a conventional flash mem- 
ory will be described with reference to Figures 1 A to 1 C, 
2A to 2C, and 3A to 3C. Figure 1 A is a plan view illus- 
trating a first step of the fabrication process of a conven- 
tional flash memory, and Figures 1 Band 1 C are section- 
al views taken along lines B-B and C-C of Figure 1A, 
respectively. Figure 2A is a plan view illustrating a sec- 
ond step of the fabrication process of the flash memory, 
and Figures 2B and 2C are sectional views taken along 
lines B-B and C-C of Figure 2A, respectively. Figure 3A 
is a plan view illustrating a third step of the fabrication 
process of the flash memory, and Figures 3B and 3C 
are sectional views taken along lines B-B and C-C of 
Figure 3A, respectively. 

First, referring to Figures 1 A to 1C, local oxidation 
of silicon (LOCOS) oxide films 33 are formed on a sem- 
iconductor substrate 21 of a memory cell array 500 The 
portions of the semiconductor substrate 21 which are 
not covered with the LOCOS oxide films 33 will remain 
active regions 34. 

Referring to Figures 2A to 2C, tunnel oxide films 22 
are formed on the active regions 34 of the semiconduc- 
tor substrate 21 , and polysilicon films which are to be 
floating gates 23 are formed on the tunnel oxide films 

22 so as to cover the entire active regions 34. The LO- 
COS oxide films 33 are ten times or more thicker than 
the tunnel oxide films 22 and are used as isolators. As 
shown in Figure 2C; the floating gates 23 are formed so 
as to overlap the periphery portions of the LOCOS oxide 
films 33. Thus, the top surface area of each floating gate 

23 is larger than the area thereof in contact with the tun- 
nel oxide film 22. This structure makes it possible to ob- 
tain a coup ling capacitance C 2 between the floating gate 
and a control gate larger than a coupling capacitance 
Cj between the floating gate and the semiconductor 
substrate without increasing the coupling capacitance 

c,. 

Next, referring to Figures 3A to 3C, ONO (SiO^SiN/ 
Si0 2 ) films 29 are formed to cover the floating gates 23 
and a material for the control gates is deposited on the 
resultant substrate. A resist having a pattern of the con- 
trol gates (word lines) is formed on the deposited mate- 
rial. Using this resist pattern as a mask, the material for 
the control gates and the ONO films 29 are etched to 
form control gates 30 as well as the floating gates 23. 
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Thereafter, ions are implanted in the semiconductor 
substrate 21 using the control gates 30 as a mask, to 
form source diffusion layers 25a and drain diffusion lay- 
ers 25b. 

5 in the conventional nonvolatile semiconductor 
memory 500 shown in Figures lAto 1C, 2Ato2B, and 
3A to 3C with the above -described structure, in order to 
reduce the potential difference V FG between the floating 
gate 23 and the semiconductor substrate 21 , it is nec- 

10 essary to increase the coupling ratio CyC^ i.e., the ratio 
of the coupling capacitance C 2 between the floating gate 
23 and the control gate 30 to the coupling capacitance 
C-| between the floating gate 23 and the semiconductor 
substrats 21 . At this time, when a voltage V CG is applied 

is to the control gate 30 and 0 V is applied to the semicon- 
ductor substrate 21 , the potential difference V FG be- 
tween the floating gate 23 and the semiconductor sub- 
strate 21 is represented by 

20 V FG =V CG .C 2 /(C 1+ C 2 ). 

As described above, the floating gates 23 extend 
so as to overlap the LOGOS films 33 in order to increase 

2S the coupling ratio. This causes a problem of increasing 
the cell area. 

Impurity diffusion layers may be used as isolators 
in place of the thick insulating films. In such a case, how- 
ever, the coupling capacitance C 2 between the floating 

30 gate and the control gate cannot be made larger than 
the coupling capacitance C, between the floating gate 
and the semiconductor substrate by overlapping the 
floating gate with the impurity diffusion layers. It is there- 
fore difficult to increase the coupling ratio in this case, 

35 unlike the case where the thick insulating films are used 
as isolators. 

SUMMARY OF THE INVENTION 

40 The nonvolatile semiconductor memory of this in- 
vention, includes a memory cell array having memory 
cells arranged in a matrix, the memory cell array com- 
prising: a semiconductor substrate; a tunnel oxide film 
formed on the semiconductor substrate; floating gates 

45 including first polysilicon films formed on the tunnel ox- 
ide film and second polysilicon films formed on both 
sides of the respective first polysilicon films; first insu- 
lating films formed on the floating gates; and control 
gates formed on the first insulating films, wherein the 

so memory cell array further comprising second insulating 
films formed on the tunnel oxide film between the first 
polysilicon films, the second insulating films having a 
predetermined thickness which is thinner than that of the 
first polysiiicon films, and wherein the second polysilicon 

55 films are formed on the second insulating films. 

The nonvolatile semiconductor memory according 
to the present invention includes a memory cell array 
having memory cells arranged in a matrix, the memory 
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cell array comprising: a semiconductor substrate; a tun- 
nel oxide film formed on the semiconductor substrate; 
floating gates including a first polysilicon film formed on 
the tunnel oxide film and a third polysilicon film formed 
on the first polysiticon film; first insulating films formed s 
on the floating gates; and control gates formed on the 
first insulating films, wherein the memory cell array fur- 
ther comprising second insulating films formed on the 
tunnel oxide film between the first polysilicon films, the 
second insulating films having a thickness which is sub- 10 
stantially same as that of the first polysilicon films, 
whereby a surface including surfaces of the first polysil- 
icon films and surfaces of the second insulating films 
being planarized, and wherein each of the third polysil- 
icon film covering the corresponding first polysilicon film is 
and portions of the second insulating films, a surface 
area of the third polysilicon film being larger than that of 
the first polysilicon film. 

In one embodiment of the present invention, the 
second insulating films prevent capacitive coupling be- 20 
tween the corresponding second polysilicon films of the 
floating gates and the semiconductor substrate. 

The method ot the present inventon is a method for 
fabricating a nonvolatile semiconductoi memory includ- 
ing a memory cell array having memory cells arranged 25 
in a matrix, the memory cell array including a tunnel ox- 
ide film, floating gates, first insulating films, and control 
gates formed in this order on a semiconductor substrate. 
The method comprising the steps of: forming the tunnel 
oxide film on the semiconductor substrate; depositing 30 
first polysifbon on the tunnel oxide film and patterning 
the first polysilicon into a desired shape by photolithog- 
raphy to form first polysilicon films; depositing second 
insulating material on the entire surface of the resultant 
substrate and etching back the deposited second insu- 35 
lating material to form second insulating films on the tun- 
nel oxide fifm between the first polysilicon films, the sec- 
ond insulating films having a predetermined thickness 
which is thinner than that of the first polysilicon films; 
and depositing second polysilicon on the entire surface 40 
of the resultant substrate and etching back the second 
polysilicon to form second polysilicon films on both 
Sides of the first polysilicon films, wherein each of the 
first polysilicon films and the corresponding second 
polysilicon films constitute the floating gates. 45 

The method of the present invention is a method for 
fabricating a nonvolatile semiconductor memory includ- 
ing a memory cell array having memory cells arranged 
in a matrix, the memory cell array including a tunnel ox- 
ide film, floating gates, first insulating films, and control so 
gates formed in this order on a semiconductor substrate. 
The method comprising the steps of: forming the tunnel 
oxide film on the semiconductor substrate; depositing 
first polysilicon on the tunnel oxide film and patterning 
the first polysilicon into a desired shape by photolfthog- ss 
raphy to form first polysilicon films; depositing second 
insulating material on the entire surface of the resultant 
substrate and removing the second insulating material 
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until the first polysilicon films are exposed, to form sec- 
ond insulating films, and planarizing a surface including 
surfaces of the first polysilicon films and surfaces of the 
second insulating films; and depositing third polysilicon 
on the entire surface of the resultant substrate and pat- 
terningthe third poly silicon to form third polysilicon films, 
each of the third polysilicon films covering the corre- 
sponding first polysilicon film, a surface area of each 
third polysilicon film being larger than that of the corre- 
sponding first polysilicon films, wherein the first polysil- 
icon films and the corresponding third polysilicon films 
constitute the respective floating gates. 

In one embodiment of the present invention, after 
the formation of the control gates, the method further 
comprises a step of forming impurity diffusion regions 
as isolators by implanting impurities of a same conduc- 
tivity type as that of the semiconductor substrate in the 
semiconductor substrate using the control gates as a 
mask. 

In one embodiment of the present invention, the 
method further comprises a step of forming source/drain 
diffusion layers by implanting impurities in the semicon- 
ductor substrate using the pattern of the first polysilicon 
films as a mask. 

Thus, according to the present invention, each float- 
ing gate includes the first polysilicon film and either the 
second polysilicon films or the third polysilicon film. An 
insulating film with a predetermined thickness is formed 
between the semiconductor substrate and the second 
or third polysilicon film. As a result, while the coupling 
capacitance between the floating gate and the semicon- 
ductor substrate is dependent on only the first polysili- 
con film, the surface area of the floating gate is deter- 
mined by an area including the first polysilicon film and 
either the second polysilicon films or the third polysilicon 
film. This makes it possible to increase the capacitance 
coupling ratio ot the control gate compared with that 
conventionally obtained for the same cell area. This 
eliminates or reduces the necessity ot overlapping the 
floating gate with the isolation regions in the channel 
width direction. 

Moreover, the second polysilicon films are formed 
in the narrow spaces between sections of the first poly- 
silicon films having a minimum width in the channel 
length direction. Therefore, the formation of the second 
polysilicon films does not increase the cell area. 

Thus, the invention described herein makes possi- 
ble the advantages of (1 ) providing a nonvolatile semi- 
conductor memory where the coupling ratio can be in- 
creased without increasing the cell area even when im- 
purity diffusion regions are used as isolators in place of 
thick insulating isolators, and (2) providing a method for 
fabricating such a nonvolatile semiconductor memory. 

These and other advantages of the present inven- 
tion will become apparent to those skilled in the art upon 
reading and understanding the following detailed de- 
scription with reference to the accompanying figures. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 A is a plan view illustrating a first step of the 
fabrication process of a conventional flash memory. Fig- 
ures 1 B and 1 C are sectional views taken along lines B- 
B and C-C of figure 1 A, respectively. 

Figure 2A is a plan view illustrating a second step 
of the fabrication process of the conventional flash 
memory, Figures 2B and 2C are sectional views taken 
along lines B-B and C-C of Figure 2 A, respectively. 

Figure 3A is a plan view illustrating a third step of 
the fabrication process of the conventional flash mem- 
ory. Figures 3B and 3C are sectional views taken along . 
lines B-B and C-C of Figure 3 A, respectively. 

Figure 4A is a plan view illustrating a flash memory 
of a virtual ground architecture. Figures 4B and 4C are 
sectional views taken along lines B-B and C-C of Figure 
4A, respectively. 

Figure 5A is a plan view illustrating a nonvolatile 
semiconductor memory of Example 1 according to the 
present invention. Figures 5B and 5C are sectional 
views taken along lines B-B and C-C of Figure 5A, re- 
spectively. 

Figure 6 is an equivalent circuit diagram of the non- 
volatile semiconductor memory of the virtual ground ar- 
chitecture. 

Figure 7 is a table showing the conditions in the 
write, erase, and read operations in Example 1 . 

Figures 8 A to 8G are sectional views illustrating the 
steps of the fabrication process of the nonvolatile sem- 
iconductor memory of Example 1 . 

Figure 9 is a sectional view of a nonvolatile semi- 
conductor memory using LOCOS films as isolators ac- 
cording to the present invention. 

Figure 10 is a sectional view of a nonvolatile semi- 
conductor memory of Example 2 according to the 
present invention. 

Figure 11 is a table showing the conditions in the 
write, erase, and read operations in Example 2. 

Figures 12A to 12E are sectional views illustrating 
the steps of the fabrication process of the nonvolatile 
semiconductor memory of Example 2. 

Figure 1 3 is a sectional view of a nonvolatile semi- 
conductor memory of Example 3 according to the 
present invention. 

Figures 14A to 14E are sectional views illustrating 
the steps of the fabrication process of the nonvolatile 
semiconductor memory of Example 3. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



The present invention will be described by way of 
examples with reference to the accompanied drawings. 

First, the configuration of a flash memory of a virtual 
ground architecture will be described. 

In the following examples, a nonvolatile semicon- 
ductor memory of a virtual ground architecture is used 



where source lines (ground lines) and drain lines are not 
fixed but switched appropriately therebetween. As an 
example of the memory of the virtual ground architec- 
ture, the configuration shown in Figures 4A to 4C has 

5 been proposed. Figure 4 A is a plan view of a memory 
cell array 100 of a flash memory of the virtual ground 
architecture. Figures 4B and 4C are sectional views tak- 
en along lines B-B and C-C of Figure 4A, respectively. 
Referring to Figures 4A to 4C, the memory cell array 

10 100 includes a plurality of memory cells C formed in a 
matrix on a semiconductor substrate 101 . In Figure 4A 
to 4C, the respective memory cells C are denoted by 
individual codes such as C jn . Each of the memory cells 
C includes a tunnel insulating film 102 formed on the 

15 semiconductor substrate 1, and a floating gate 103 
formed on the tunnel insulating film 102. 

A control gate 1 1 0 is formed on the floating gate 1 03 
via an insulating film 109 made of ONO (SiOg/SiN/SiOs) 
and the like. Such control gates 110 extend in a channel 

20 direction of the memory cell C (an X direction shown in 
Figure 4A), constituting a word line for connecting the 
memory cells C lined in the X direction. 

As shown in Figure 4B, an impurity diffusion layer 
1 05 is formed between every two memory cells adjacent 

25 each other in the X direction (e.g., memory cells C jn and 
C jn ). The impurity diffusion layer 105 serves as a drain 
diffusion layer for one of the two adjacent memory cells 
(e.g., the memory cell C in ) and a source diffusion layer 
for the other memory cell (e.g., the memory cell C in ). 

30 The impurity diffusion layer 105 is thus shared by the 
two adjacent memory cells. 

The impurity diffusion layers 105 lined in the Y di- 
rection are connected with one another via diffusion lay- 
er wirings, forming a so-called buried bit line 112, as 

35 shown in Figure 4A. The bit line 112 serves as a source 
line or a drain line depending on the memory cell select- 
ed. 

Thus, in the virtual ground architecture, the impurity 
diffusion layer 105 is shared by two memory cells adja- 

40 cent in the X direction, the impurity diffusion layer 105 
acting as the source diffusion layer for one memory cell 
and the drain diffusion layer for the other memory cell. 
This eliminates the necessity of isolating the source dif- 
fusion layer and the drain diffusion layer of memory cells 

45 adjacent in the X direction. The bit line 112 can be 
formed by connecting the impurity diffusion layers 105 
for the memory cells lined in the Y direction. This elimi- 
nates the necessity of forming a contact region for con- 
necting the bit line with each memory cell, allowing the 

50 memory cell array 100 to achieve a high degree of inte- 
gration. 

As shown in Figures 4A and 4C, a field oxide film 
(element isolation film) 109 such as a LOCOS oxide film 
is formed between two memory cells adjacent in the Y 
55 direction (e.g., the memory cells C jn and Cj n ). 

Other types of memory cell arrays other than the 
virtual ground architecture can also be used as long as 
there is formed an insulating film of a predetermined 
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thickness which blocks the generation of a capacitance 
between a second polysilicon film and a floating gate 
according to the present invention and the semiconduc- 
tor substrate. 

(Example 1) 

Figure 5A is a plan view of a memory cell array 200 
of the nonvolatile semiconductor memory of Example 1 
according to the present invention. Figures 5a and 5C 
are sectional views taken along lines B-B and C-C of 
Figure 5A, respectively. In Figures 5A to 5C, the same 
components are denoted by the same reference numer- 
als as those in Figures 4A to 4C. 

Referring to Figures 5 A to 5C, the memory cell array 
200 of this example includes a p-type semiconductor 
substrate 1 , a tunnel insulating film 2 formed on the sem- 
iconductor substrate 1 , first polysilicon films 3 formed 
on the semiconductor substrate 1 formed on the tunnel 
insulating film 2, and second polysilicon films 8. The first 
and second polysilicon films 3 and 8 constitute floating 
gates 3'. 

An ONO film 9 covers each of the floating gates 3' 
composed of the first and second polysilicon films 3 and 
8, and a control gate 10 is formed over the ONO film 9. 
As shown in Figure 5A, the control gates 10 are formed 
on all memory cells lined in the X direction and are elec- 
trically connected, forming a word line. 

A high-density impurity diffusion layer (N*) 5 and a 
low-density impurity diffusion layer (N") 6 are formed be- 
tween every two memory cells adjacent in the X direc- 
tion, and these diffusion layers for the memory cells 
aligned in the Y direction are connected to form a bit line 
12. 

The first polysilicon film 3 of each memory cell ca- 
pacitively couples with the high-density impurity diffu- 
sion layer 5 on the drain side via the tunnel insulating 
film 2, while the first polysilicon film 3 capacitively cou- 
ples with the low-density impurity diffusion layer 6 on the 
source side via the tunnel insulating film 2, forming an 
asymmetric source/drain structure. The tunnel insulat- 
ing film 2 may be a silicon oxide film or a double-layer 
structure of a silicon oxide film and a silicon nitride film. 

As shown in Figure 5C, an isolating layer 11 such 
as a p-type impurity diffusion layer is formed in the X 
direction between the memory cells. 

As shown in the equivalent circuit diagram of Figure 
6, the memory cell array 200 employs the virtual ground 
method, where bit lines BL (bit lines BL, to BUj are 
shown in Figure 6) serve as source wirings or drain wir- 
ings depending on the selected cell. 

The operation of the memory cell array 200 will now 
be described. Figure 7 shows the operation conditions 
when the memory cell C 12 shown in Figure 6 is selected, 
for example. 

Referring to Figures 6 and 7, in the write operation, 
a negative high voltage VH-, (-8 V, for example) is ap- 
plied to a word line WL, connected to the selected cell 
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C 12 , while 0 V is applied to the other word lines (Wl^, 
for example). A predetermined positive source voltage 
v cc t 4 V, for example) is applied to a bit line BL^ con- 
nected to a drain of the selected cell C 12 , while the other 

s bit lines (BL 1 s BL 3 , and BL 4 , for example) are put in a 
floating state. As a result, a tunnel current flows in the 
selected cell C 12 via the tunnel insulating film 2 due to 
the electric field generated between the floating gate 3' 
and the drain (high-density impurity diffusion layer 5) 

10 thereof, allowing data to be written in the selected cell 
C l2 . At this time, the source voltage V cc is also applied 
to the control gate 10 of the memory cell, for example, 
a memory cell C 1V which is not selected (hereinafter 
such a memory cell is referred to as a "non-selected 

is cell") and which is connected to the bit line BL 2 on the 
source side. However, since the low-density impurity dif- 
fusion layer 6 which does not generate the tunnel phe- 
nomenon between the source (low-density impurity dif- 
fusion layer 6) and the floating gate is formed on the 

20 source side of the non-selected cell C^, no tunnel cur- 
rent flows between the Source and the floating gate 3' 
of the non-selected eel) C u , thereby inhibiting data from 
being written in the non-selected cell C 1r 

In the erase operation, a positive high voltage VH 2 

25 (12 V, for example) is applied to a desired word line, 
while 0 V is applied to all the bit lines, so as to erase a 
plurality of memory cells at one time. For example, when 
the voltage VH 2 is applied to the word line WL, , data in 
the memory cells C,.,, C 12 , and C 13 are erased. When 

30 the voltage VH 2 is applied to the word line WLg, data in 
the memory cells C 21 . C 22 , and C 23 are erased. 

In the read operation, a predetermined voltage 
(4 V, for example) is applied to the word line WL^ while 
a predetermined voltage V L (1 V, for example) is applied 

35 to the bit line BL 2 and 0 V to the bit line BL 3 , as in the 
conventional manner, so as to detect a current flowing 
between the bit lines BL 2 and BL 3 . The voltages shown 
in the table of Figure 7 have the relationship of VHj , VH 2 
>V oc >V L . 

40 Next, the fabrication process of the memory cell ar- 
ray 200 of the nonvolatile semiconductor memory of this 
example will be described with reference to Figures 8 A 
to8G. 

First, the tunnel oxide film 2 with a thickness of 
45 about 8 nm is formed on the semiconductor substrate 1 
by thermal oxidation. Then, first polysilicon is deposited 
on the entire surface of the resultant substrate to a thick- 
ness of about 100 to 200 nm. The resultant first polysil- 
icon layer is patterned by photolithography using a pho- 
so toresist 4 to form the first polysilicon films 3 which are 
to constitute the floating gates in the shape of stripes 
extending in the channel width direction (Figure 8A). 

Thereafter, arsenic (As) ions are obliquely implant- 
ed in the semiconductor substrate 1 at an angle of 7° 
55 from the normal of the semiconductor substrate 1 under 
the conditions of an acceleration energy of 70 KeV and 
a dose amount of 1 x 1 0 15 /cm 2 using the pattern of the 
photoresist 4 and the first polysilicon films 3 as a mask, 
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so as to form the high-density impurity diffusion layers 
5 which are to be the bit lines (Figure 8B). 

After the photoresist 4 is removed, phosphorus (P) 
ions are implanted in the semiconductor substrate 1 un- 
der the conditions of an acceleration energy of 50 KeV 
and a dose amount of 3 x 10 13 /cm 2 using the pattern 
of the first polysilicon films 3 as a mask, so as. to form 
the low-density impurity diffusion layers 6 (Figure 8C). 
Thereafter, the resultant substrate is heat-treated in a 
nitrogen atmosphere at 900°C for 10 minutes, so that 
the drain diffusion layers of a DDD structure and the 
source diffusion layers of an LDD structure are formed 
(Figure SD). 

An insulating material is then deposited by chemical 
vapor deposition (CVD)to cover the first polysilicon films 
3 and etched back, so that insulating films 7 with a thick- 
ness 5 to 1 0 times larger than that of the tunnel insulat- 
ing film 2 are formed between the first polysilicon films 
3. The insulating films 7 serve to prevent a coupling ca- 
pacitance from generating between the second polysil- 
icon films 8 (part of the floating gates) to be formed in a 
later stage and the semiconductor substrate 1 . That is, 
portions where the relatively thick insulating films 7 are 
formed do not contribute the capacitive coupling of the 
floating gates 3' and the semiconductor substrate 1 (Fig- 
ure 8E). 

Next, a second polysilicon is deposited on the entire 
surface of the resultant substrate and etched back, so 
as to form second polysilicon films 8 on the sides of the 
first polysilicon films 3 in such a manner that they are 
electrically connected with each other. Thereafter, the 
ONO film 9 is formed on the resultant substrate (Figure 
8F). 

Subsequently, a fourth polysilicon film is formed on 
the ONO film 9. By patterning the fourth polysilicon layer, 
the ONO film 9, and the first and second polysilicon films 
3 and 8 by photolithography, the control gates 1 0, the 
insulating films 9, and the floating gates 3' are formed 
(Figure 8G). The control gates 10 of respective memory 
cells are formed consecutively in the X direction, forming 
one word line. 

Alternatively, the control gates 10 (i.e., the word line 
WL) may be of a double-layered structure including the 
fourth polysilicon film and a metal silicide film with a high 
melting point such as tungsten silicide (WSi). 

Thereafter, boron ions are implanted in the semi- 
conductor substrate 1 under the conditions of an accel- 
eration energy of 40 KeV and a dose amount of 1 X 
lO^/cm 2 using the word lines as a mask, so as to form 
p-type impurity diffusion layers 11 as isolators (see Fig- 
ure 5C). 

In this example, the isolation is performed by junc- 
tion isolation. The present invention is also applicable 
to the case where the isolation is performed by forming 
thick insulating films such as LOCOS films. For exam- 
ple, as shown in a memory cell array 200' of Figure 9, 
LOCOS films 1 3 are formed on the semiconductor sub- 
strate 1 before the formation of the tunnel insulating film 



2 and the first polysilicon films 3. 

In this example, the floating gates 3' composed of 
the first polysilicon films 3 and the second polysilicon 
films 8 are continuously formed in a shape of stripes. 

s Alternatively, they may be formed separately from one 
another, and the fourth polysilicon film may be patterned 
so that the resultant word lines completely cover the 
floating gates. 

In the case of using the LOCOS films 1 3 as isolators 

10 as shown in Figure 9, the overlap of the floating gate 
with the LOCOS film 13 can be minimized because the 
overlap is required only for an aligning allowance at pho- 
tolithography. 

is (Example 2) 

Figure 10 is a sectional view of a memory cell array 
300 of the nonvolatile semiconductor memory of Exam- 
ple 2 according to the present invention. In Figure 10, 
20 the same components are denoted by the same refer- 
ence numerals as those in Figures 5A to 5C. 

Referring to Figure 10, the memory cell array 300 
of this example is the same as the memory cell array 
200 of Example 1, except that the low-density impurity 
25 diffusion layers 6 are not formed in this example. 

Figure 11 shows the conditions of each operation 
mode when the nonvolatile semiconductor memory of 
this example is used. The conditions are shown with ref- 
erence to the circuit diagram of Figure 6, as in Example 
30 1. 

Referring to Figures 6 and 11, when the memory 
cell 2 is selected, in the write operation, a high voltage 
VH-, (8 V, for example) is applied to the word line WL, 
connected to the selected cell C 12 . A predetermined 

35 power voltage (4 V, for example) is applied to the bit 
line BL 2 , one of the two bit lines connected to the select- 
ed cell C 12 , while 0 V is applied to the other bit line BL 3 . 
As a result, hot electrons generated in the channel re- 
gion flow in the floating gate. As for the non-selected 

40 cells, voltages are applied to two bit lines which are con- 
nected to each non-selected cell so that the two bit lines 
have the same voltage. 

In the erase operation, a negative voltage -VH 2 (- 
12 V, for example) is applied to the word line WL,, while 

45 a predetermined positive voltage (4 V, for example) 
is applied to all or part of the bit lines, allowing a Fowler- 
Nordheim (FN) tunnel current to flow. Thus, data in a 
plurality of memory cells (all memory cells in a block) 
can be erased at one time. 

so in the read operation, a voltage V^, is applied to the 
word line WLt to which the selected call C 12 is connect- 
ed, while a predetermined voltage V L (for example, 1 V) 
is applied to the bit line BL^ and 0 V to the bit line BL 3 , 
so as to detect a current flowing between the bit lines 

ss BL 2 and BL 3 . As for the bit lines BL A and BL^ which are 
connected to the non-selected celts, voltages are ap- 
plied to the bit lines BL, and BL4 so that they have the 
same voltages as the bit lines BL^ and BL 3 , respectively. 
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The voltages in the table of Figure 11 have the relation- 
ship of VH,, VH 2 >V W > V L . 

Next, the fabrication process of the nonvolatile sem- 
iconductor memory of this example will be described 
with reference to Figures 12A to 12E. 

First, the tunnel oxide film 2 with a thickness of 
about 8 nm is formed on the semiconductor substrate 1 
by thermal oxidation. Then, first polysilicon is deposited 
on the entire surface of the resultant substrate to a thick- 
ness of about 100 to 200 nm. The resultant first polysil- 
icon layer is patterned by photolithography using a pho- 
toresist 4 to form the first polysilicon films 3 which are 
to constitute the floating gates in the shape of stripes 
extending in the channel width direction. 

Thereafter, arsenic ions are implanted in the semi- 
conductor substrate 1 under the conditions of an accel- 
eration energy of 70 KeV and a dose amount of 1 X 
10 15 /cm2 using the pattern of the photoresist 4 and the 
first polysilicon films 3 as a mask, so as to form the high- 
density impurity diffusion layers 5 which are to be the bit 
lines (Figure 12A). Thereafter, after removing the pho- 
toresist 4, the resultant substrate is heat-treated in a ni- 
trogen atmosphere at 900°C for 10 minutes, so as to 
form the diffusion layers {Figure 12B). 

An insulating material is then deposited by CVD to 
cover the first polysilicon films 3 and etched back, so 
that insulating films 7 with a thickness 5 to 1 0 times larg- 
er than that of the tunnel insulating film 2 are formed 
between the first polysilicon films 3 (Figure 12C). 

Then, second polysilicon is deposited on the entire 
surface of the resultant substrate and etched back, so 
as to form second polysilicon films 8 on the sides of the 
first polysilicon films 3 in such a manner that they are 
electrically connected with each other. Thereafter, the 
ONOfilm 9 is formed on the resultant substrate (Figure 
12D). 

Thereafter, a fourth polysilicon film is formed on the 
ONO film 9. By patterning the fourth polysilicon layer, 
the ONOfilm 9, and the first and second polysilicon films 
3 and 8 by photolithography, the control gates 1 0, the 
insulating films 9, and the floating gates 3' are formed 
(Figure 12E). The control gates 10 of respective mem- 
ory cells are formed consecutively in the X direction, 
forming one word line. 

Alternatively, the control gates 10 (i.e., the word line 
WL) may be of a double- layered structure including the 
fourth polysilicon film and a metal silicide film with a high 
melting point such as tungsten silicide (WSi). 

Thereafter, boron ions are implanted in the semi- 
conductor substrate 1 under the conditions of an accel- 
eration energy of 40 KeV and a dose amount of 1 x 
lO^/cm 2 using the word lines as a mask, so as to form 
p-type impurity diffusion layers 11 as isolators. 

In this example, as in Example 1 , LOCOS films also 
may be used as isolators. 



(Example 3) 

Figure 1 3 is a sectional view of a memory cell array 
400 of the nonvolatile semiconductor memory of Exam- 
5 pie 3 according to the present invention. In Figure 13, 
the same components are denoted by the same refer- 
ence numerals as those in Figures 5A to 5C. 

Referring to Figures 14A to 14E, the fabrication 
process of the nonvolatile semiconductor memory of 

io this example will be described. 

First, the tunnel oxide film 2 with a thickness of 
about 8 nm is formed on the semiconductor substrate 1 
by thermal oxidation. Then, first polysilicon is deposited 
on the entire surface of the resultant substrate to a thick- 

i5 ness of about 100 to 200 nm, and then silicon nitride is 
deposited on the first polysilicon layer to a thickness of 
10 to 20 nm. The resultant first polysilicon layer and the 
nitride layer are patterned by photolithography using a 
photoresist to form first polysilicon films 3 which are to 

20 constitute the floating gates covering the channel re- 
gions and nitride films 14 in a shape of stripes extending 
in the channel width direction (Figure 14A). 

Thereafter, arsenic ions are implanted in the semi- 
conductor substrate 1 under the conditions of an accel- 

25 eration energy of 20 to 60 KeV and a dose amount of 1 
x 1 0 1 5 to 5 x 1 0 15 /cm 2 using the pattern of the first poly- 
silicon films 3 and the silicon nitride films 1 4 as a mask, 
so as to form high-density impurity diffusion layers 5 
which are to be the bit lines (Figure 14B). 

30 Thereafter, an insulating material such as silicon ox- 
ide is deposited by CVD to cover the first polysilicon 
films 3, and the resultant insulating layer is etched by 
chemical mechanical polishing (CMP) until the top sur- 
faces of the first polysilicon films 3 are exposed, and 

35 then planarized. As a result, the spaces between the first 
polysilicon films 3 located above the diffusion layers 5 
to be formed later are filled with insulating films 7 (Figure 
14C). The silicon nitride films 14 serve as a stopper for 
the CMP process. 

40 Then, third polysilicon is deposited on the entire sur- 
face of the resultant substrate and patterned, so as to 
form third polysilicon films 15 of which surface area is 
larger than that of the first polysilicon films 3. The first 
polysilicon films 3 and the third polysilicon films 15 con- 

45 stitute the floating gates 3". Thereafter, the ONO film 9 
is formed on the resultant substrate (Figure 14D). 

Subsequently, a conductive layer which is to be the 
control gates 10, for example, a fourth polysilicon film 
or a double-layer film of the fourth polysilicon film and a 

50 tungsten silicide film, are formed on the entire surface 
of the resultant substrate. The conductive layer, the 
ONO film 9, the third polysiliccn films 1 5, and the first 
polysilicon films 3 are etched using a resist mask, so as 
to form the word lines and the floating gates (Figure 

55 14E). 

Thereafter, boron ions are implanted in the semi- 
conductor substrate 1 under the conditions of an accel- 
eration energy of 20 to 40 KeV and a dose amount of 1 
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x 10 l3 /cm 2 to 3 x 10 l3 /cm 2 using the word lines as a 
mask, so as to form p-type impurity diffusion layer 1 1 
isolators, as shown in Figure 5C. 

In this example, as in Examples 1 and 2, LOCOS 
films may be used as isolators. 

Thus, according to the present invention, the cou- 
pling ratio can be increased without increasing the size 
of memory cells. This makes it possible to lower the volt- 
age to be applied to the floating gates, and thus reduce 
power consumption. 

The second polysilicon films are formed on the 
sides of the first polysilicon films having the minimum 
width in the spaces between the first polysilicon films in 
the channel length direction of the floating gates. Ac- 
cordingly, no overlap of the floating gates with the iso- 
lation regions is required in the channel width direction 
of the floating gates. Thus, the cell area does not in- 
crease. 

The insulating films are formed between the first 
polysilicon films by CVD. This prevents a variation in the 
size of the first polysilicon films which tends to occur 
when the insulating films are formed by oxidation. 

In Example 3, the surface is planarized before the 
formation of the control gates. This facilitates obtaining 
a planar device surface. Accordingly, with only the thick- 
ness of the third polysilicon films existing under the word 
lines, the resultant word lines are substantially planar, 
and thus an increase in line resistance can be prevent- 
ed. 

According to the present invention, the device can 
be further miniaturized. Since the elements are isolated 
by the diffusion layers, the coupling capacitance be- 
tween the floating gate and the control gate can be made 
larger than the coupling capacitance between the float- 
ing gate and the semiconductor substrate without over- 
lapping the floating gate with the isolation region. This 
makes it possible to increase the coupling ratio as in the 
case where the LOGOS films are used as isolators. The 
height of the step under the word lines can be reduced 
compared with the conventional case where the LOCOS 
films are formed to increase the coupling ratio. This pre- 
vents the coverage of the word lines from deteriorating 
due to the step, and thus the resistance of the word lines 
is prevented from increasing due to deteriorated cover- 
age. 

According to the present invention, the N + diffusion 
bit lines can be formed in a self-aligned manner without 
increasing the cell array area. 

In these examples, a P-type semiconductor sub- 
strate and N-type diffusion layers are utilized, however, 
the present invention is not limited to these types of the 
semiconductor substrate and the diffusion layers. 

Various other modifications will be apparent to and 
can be readily made by those skilled in the art without 
departing from the scope and spirit of this invention. Ac- 
cordingly, it is not intended that the scope of the claims 
appended hereto be limited to the description as set 
forth herein, but rather that the claims be broadly con- 



strued. 



Claims 



1. 
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15 



20 



25 



30 2. 



35 



3. 
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45 



50 
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A nonvolatile semiconductor memory including a 
memory celt array having memory cells arranged in 
a matrix, the memory cell array comprising: 

a semiconductor substrate; 
a tunnel oxide film formed on the semiconduc- 
tor substrate; 

floating gates including first polysilicon films 
formed on the tunnel oxide film and second 
polysilicon films formed on both sides of the re- 
spective first polysilicon films; 
first insulating films formed on the floating 
gates; and 

control gates formed on the first insulating 
films. 

wherein the memory cell array further compris- 
es second insulating films formed on the tunnel 
oxide film between the first polysilicon films, the 
second insulating films having a predetermined 
thickness which is thinner than that of the first 
polysilicon films, and 

wherein the second polysilicon films are formed 
on the second insulating films. 

A nonvolatile semiconductor memory according to 
claim 1, wherein the second insulating films prevent 
capacitive coupling between the corresponding 
second polysilicon films of the floating gates and the 
semiconductor substrate. 

A nonvolatile semiconductor memory including a 
memory cell array having memory cells arranged in 
a matrix, the memory cell array comprising: 

a semiconductor substrate; 
a tunnel oxide film formed on the semiconduc- 
tor substrate; 

floating gates including a first polysilicon film 
formed on the tunnel oxide film and a third poly- 
silicon film formed on the first polysilicon film; 
first insulating films formed on the floating 
gates; and 

control gates formed on the first insulating 
films . 

wherein the memory cell array further compris- 
ing second insulating films formed on the tunnel 
oxide film between the first polysilicon films, the 
second insulating films having a thickness 
which is substantially same as that of the first 
polysilicon films, whereby a surface including 
surfaces of the first polysilicon films and surfac- 
es of the second insulating films being 
planarized, and 
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wherein each of the third polysilicon film cover 
the corresponding first polysilicon film and por- 
tions of the second insulating films, a surface 
area of the third polysilicon film being larger 
than that of the first polysilicon film. s 

4. A nonvolatile semiconductor memory according to 
claim 3, wherein the second insulating films prevent 
capacitive coupling between the corresponding 
second polysilicon films of the floating gates and the io 
semiconductor substrate. 

5. A method for fabricating a nonvolatile semiconduc- 
tor memory including a memory cell array having 
memory cells arranged in a matrix, the memory cell is 
array including a tunnel oxide film, floating gates, 
first insulating films, and control gates formed in this 
order on a semiconductor substrate, the method 
comprising the steps of: 

20 

forming the tunnel oxide film on the semicon- 
ductor substrate; 

depositing first polysilicon on the tunnel oxide 
film and patterning the first polysilicon into a de- 
sired shape by photolithography to form first 2S 
polysilicon films; 

depositing second insulating material on the 
entire surface of the resultant substrate and 
etching back the deposited second insulating 
material to form second insulating films on the 30 
tunnel oxide film between the first polysilicon 
films, the second insulating films having a pre- 
determined thickness which is thinner than that 
of the first polysilicon films; and 
depositing second polysilicon on the entire sur- 35 
face of the resultant substrate and etching back 
the second polysilicon to form second polysili- 
con films on both sides of the first polysilicon 
films, 

wherein each of the first polysilicon films and 40 
the corresponding second polysilicon films con- 
stitute the floating gates. 

6. A method for fabricating a nonvolatile semiconduc- 
tor memory according to claim 5, wherein after the 45 
formation of the control gates, the method further 
comprises a step of forming impurity diffusion re- 
gions as isolators by implanting impurities of a same 
conductivity type as that of the semiconductor sub- 
strate in the semiconductor substrate using the con- so 
trol gates as a mask. 

7. A method for fabricating a nonvolatile semiconduc- 
tor memory according to claim 5, further comprising 

a step of forming source/drain diffusion layers by ss 
implanting impurities in the semiconductor sub- 
strate using the pattern of the first polysilicon films 
as a mask. 



8. A method for fabricating a nonvolatile semiconduc- 
tor memory including a memory cell array having 
memory cells arranged in a matrix, the memory cell 
array including a tunnel oxide film, floating gates, 
first insulating films, and control gates formed /V?this 
order on a semiconductor substrate, the method 
comprising the steps of: 

forming the tunnel oxide film on the semicon- 
ductor substrate; 

depositing first polysilicon on the tunnel oxide 
film and patterning the first polysilicon into a de- 
sired shape by photolithography to form first 
polysilicon films; 

depositing second insulating material on the 
entire surface of the resultant substrate and re- 
moving the second insulating material until the 
first polysilicon films are exposed, to form sec- 
ond insulating films, and plana rizing a surface 
including surfaces of the first polysilicon films 
and surfaces of the second insulating films; and 
depositing third polysilicon on the entire sur- 
face of the resultant substrate and patterning 
the third polysilicon to form third polysilicon 
films, each of the third polysilicon films covering 
the corresponding first polysilicon film, a sur- 
face area of each third polysilicon film being 
larger than that of the corresponding first poly- 
silicon films, 

wherein the first polysilicon films and the corre- 
sponding third polysilicon films constitute the 
respective floating gates. 

9. A method for fabricating a nonvolatile semiconduc- 
tor memory according to claim 8, wherein after the 
formation of the control gates, the method further 
comprises a step of forming impurity diffusion re- 
gions as isolators by implanting impurities of a same 
conductivity type as that of the semiconductor sub- 
strate in the semiconductorsubstrate using the con- 
trol gates as a mask. 

10. A method for fabricating a nonvolatile semiconduc- 
tor memory according to claim 8, further comprising 
a step of forming source/drain diffusion layers by 
implanting impurities in the semiconductor sub- 
strate using the pattern of the first polysilicon films 
as a mask. 

11. A nonvolatile semiconductor memory comprising a 
matrix array of memory cells formed on a semicon- 
ductor substrate, adjacent rows of said cells being 
separated from each other by elongate isolation re- 
gions formed on or in said substrate, the array in- 
cluding a tunnel oxide film formed on the substrate, 
floating gates formed on the tunnel oxide film, first 
insulating films formed on the floating gates, elon- 
gate control gates each formed on the first insulat- 
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ing films of a respective said row of celts, and sec- 
ond insulating films formed on the tunnel oxide film 
between the floating gates, said floating gates hav- 
ing portions formed over the second insulating 
films, in contact with the corresponding first \nsu\a\- s 
ing film and projecting in the row direction beyond 
the contact region of the floating gate and the tunnel 
oxide film. 
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